Phosphate and arsenate are very similar compounds, and there is great interest in studying their 18 relationship and their interaction with biological systems. Despite having no apparent biological 19 function, specific genes regulate arsenic interaction with cells and can be located in regions of the 20 genome called arsenic islands, where phosphate metabolism genes are also present. Although they 21 are neighboring genes, the nature of their relationship and how they have been selected is still 22
proteins. In addition, the metabolism of both prokaryotes and eukaryotes depends on reactions 47
where Pi is essential, e.g., phosphorylation/dephosphorylation reactions, which regulate protein 48 functions in intracellular signaling pathways. 49 50
Arsenic is an element structurally similar to phosphorus, they both share characteristics such as 51 atomic radius, and identical electronegativity and oxidation states. Stromatolites can be found along the southern shore of Socompa Lake (coordinates: 119 24°32.168′S, 68°12.165′W, Fig. 1D ). Samples were taken in February 2001, sampling 120 methodology was already described by Farías (2013). These stromatolites are rounded domal 121 structures that present a clear stratification that appears in vertical sections. Stromatolite samples 122
were collected in sterile plastic bags and were fragmented into 2.5 cm-diameter cylinders that 123 measured 5 cm deep from the top of the stromatolite. The HAAL studied here are characterized as shallow saline or thalassic lakes located in the Chilean 195
Atacama Desert and in the Argentine Puna ( Lake. Tebenquiche showed the lowest concentrations with 0.011 mM and 0.053 mM of phosphate 213 and arsenic, respectively. On the other hand, the concentration of phosphate and arsenic in 214
Diamante Lake was 5.100 and 2.340 mM, respectively (Fig. 2) , which shows that, compared to 215
Tebenquiche, arsenic concentration is 40-fold higher. 216 217 218
Taxonomic compositions of metagenomes 219 220
We Spirochaetaceae is the unique family shared by Tebenquiche and Socompa (Fig. 3B ). There are also 232 no major taxonomic similarities between the studied lakes when examining the most abundant 233 families ( Fig. S1 ). Alpha diversity consistently showed that Diamante is less diverse compared to 234 the other lakes ( Fig. 3C ; using 4 diversity metrics), which in turn concurs with the taxonomic 235 profile at the Phylum and Family levels ( Fig. 3A and 3B Brava Lake that has 1.49 times more pstC than Diamante. The pstC gene is 3.27 and 5.66 times 263 more abundant in Diamante than in Tebenquiche and Socompa, respectively; whereas pstA is 5.10, 264 5.66 and 5.78 times more abundant in Diamante than in TBS, respectively (Fig. 4) . 265 266
Regarding the Pit system -the low-affinity phosphate transport-, the pitA gene is 1.18, 3.29 and 267
1.15 times more abundant in Diamante Lake than in TBS, respectively (Fig. 4) . The intra-sample 268 comparison reveals a very low relevance of the Pit transporter in all lakes, moreover, the abundance 269 of the pitA gene is the lowest among the phosphate metabolism genes evaluated (Fig. S2) , which 270
suggests that phosphate uptake would take place mostly by means of the Pst system. 271 272
Finally, as to polyphosphate metabolism genes -ppk and ppx-, both show very similar abundance 273 in TBS lakes, while at Diamante abundance is very low. Specifically, the ppk gene is 18.89, 20.83 274 and 18.01 times less abundant in Diamante than in TBS lakes, respectively; in the same order, the 275 values for the ppx gene are: 1.53, 1.50 and 2.48. 276 277
Arsenic resistance and metabolism genes 278 279
The analysis of ars operon genes reveals great differences between the four metagenomes studied. 280
The arsR gene has a similar abundance in Diamante, Tebenquiche and Brava lakes, while in 281
Socompa it is 2.33, 1.34 and 2.89 times more abundant, respectively. The arsD and arsA genes are 282 very well distributed in Diamante compared to the other lakes; arsD is 4.86, 17.39 and 1.56 times 283 more abundant in Diamante than in Tebenquiche, Brava and Socompa, while in the same order, the 284 values for the arsA gene are: 7.68, 9.72 and 6.50. The arsC gene is significantly more abundant in 285 the lakes where arsenic concentration is low, as it is 24.30, 34.30 and 15.78 times more abundant in 286
Tebenquiche, Brava and Socompa, respectively, than in Diamante. The arsenate reductase enzyme, 287
ArsC, is responsible for reducing As(V) into As(III) which is subsequently expelled from the cell by 288
the ArsB efflux pump. Though the arsB gene was not found in Diamante Lake, intra-sample 289 comparisons made using the FPKM method show that the arsB gene is not abundant in the other 290 three lakes either (Fig. S3 ). 291 292
In addition to the ArsB efflux pump, there is another arsenic efflux pump widely distributed among 293 microorganisms: the Acr3. The acr3 gene is 3.27, 3.21 and 3.21 times more abundant in Diamante 294 than in Tebenquiche, Brava and Socompa, respectively (Fig. 5) . Meanwhile, the abundance of the 295 acr3 gene is equivalent among Tebenquiche, Brava and Socompa, and its abundance in each 296
individually is much higher than the abundance of the arsB gene (Fig. S3 ). This suggests that the 297 expulsion of arsenic from the cytoplasm might be carried out mainly by the Acr3 pump, which is 298 common to the 4 lakes. 299 300
Finally, the genes corresponding to arsenic respiration -aioAB and arrA-were analyzed (Rascovan 301 et al. 2016). The aioA and aioB genes that encode an arsenite oxidase have a much greater relative 302 abundance in Diamante Lake than in the others. Diamante and Brava show the largest difference, 303
where aioA and aioB are 101.15 and 44.95 times more abundant in Diamante, respectively. On the 304 other hand, the arrA gene coding for arsenate reductase presents a great difference as it is much 305 more abundant in Diamante Lake and arrA is 30.91 and 90.51 times more abundant in there than in 306
Tebenquiche and Brava. For its part, Socompa does not show significant differences with Diamante 307 in terms of the arrA gene ( Fig. 5 ). 308 309
Discussion 310 311
Our work characterizes the microbial communities and analyzes the abundance of genes related to 312 arsenic and phosphate metabolisms found in four salt lakes distributed along the Argentine Puna 313 and the Atacama Desert in Chile. The results reveal that the greatest differences in gene abundance 314 appear at Diamante Lake in contrast with TBS lakes (Fig. 4 and Fig. 5 ). These differences are also 315 reflected in the distribution of species and biodiversity (Fig. 3) 318  3D) . Finally, in terms of phosphate and arsenic concentration, physicochemical conditions also 319 evidence considerable differences between Diamante and the other lakes (Fig 2) . 320
321
The aioA/B genes encode proteins that use As(III) as an electron donor, oxidizing it to As(V). 322
Because these enzymes have been described as transmembrane proteins (Andres and Bertin 2016), 323 this process occurs within the extracellular environment in the presence of arsenic. As(V), on the 324 other hand, is a substrate for another family of transmembrane enzymes, the ArrA/B, which use 325
As(V) as the final acceptor of the electron transport chain and reduce it to As(III). The theorization 326 of this process, has shown that cells can breathe arsenic and thereby obtain energy from its 327 oxidation and reduction (Rascovan et al. 2016; Andres and Bertin 2016). The aio and arr genes are 328 very well distributed in Diamante Lake and their abundance is much higher than in the other lakes 329 analyzed (those with the lowest arsenic concentration) (Fig. 2) . In summary, the higher the arsenic 330 concentration, the higher aio and arr gene abundance. 331 332
Regarding These genes belong to the arsRBC operon and their abundance in Diamante is very low, particularly 338
arsC. As a matter of fact, arsB is simply not present, even when mapping the reads against a 339
Hidden Markov Model (HMM) of the arsB gene, no matches are found. Although arsB did not turn 340 out to be a particularly abundant gene in TBS lakes, it is very likely that it is not present in 341
Diamante. The Diamante metagenome was sequenced in triplicate from three different samples to 342 minimize the risk of not finding a gene due to lack of sequencing (BioSamples accessions 343 SAMN08719551, SAMN08719552 and SAMN08719553). 344 345
Unexpectedly, arsenic resistance genes from arsRBC operon were (in the case of arsC) up to 35 346 time more abundant in lakes with low arsenic concentration, while in Diamante, where arsenic 347 concentration is up to 40 times greater than in the other lakes, only genes related to oxidation and 348 reduction of extracellular arsenic are more abundant. Previous works have demonstrated that arsC 349 activity is modified in the presence of phosphate (Zhang et al. 2014 (Zhang et al. , 2017 ; it may be the case that 350 despite high arsenic concentration, there is low arsenic uptake by the cells, rendering an arsenate 351 reductase (ArsC) not vital for survival. In addition, the expulsion of arsenic from the cell -in all 352 lakes-might not be performed by ArsB but by Acr3, a pump that does not belong to the arsRBC 353
operon. An intra-sample analysis shows that the acr3 gene is very well distributed in all lakes, 354 especially in Diamante (Fig. S3 ). Previous findings have shown acr3-gene abundance in 355
Exiguobacterium In the case of phosphate transport systems, both the Pst and Pit, are distributed in the four 360 metagenomes studied. However, while the Pit system does not show remarkable differences among 361 the 4 lakes, the Pst system is high abundant in Diamante Lake in comparison with TBS lakes (Fig.  362  4) . The Pst is a high affinity and a low speed transport system, while the Pit transport system is 363 characterized as a constitutive shock concentration. Our results support that hypothesis. In Diamante Lake where arsenic concentration is 380 extremely high (2.34 mM) and despite the high phosphate concentration, the Pst system is more 381 abundant in comparison with the other lakes. The intra-sample analysis in Diamante Lake reveals 382 the pstSCAB-phoU operon genes are the most relevant genes belonging to phosphate metabolism, 383
and their abundances are even greater than the dnaG housekeeping gene (Fig. S2) . Regarding the pst operon regulator, Diamante lake shows a huge abundance of phoU gene and a 397 very low presence of phoR/phoB genes (Fig. 4) polyP metabolism genes (ppk and ppk) are not well distributed in Diamante Lake (Fig. S2) , instead 407 both genes are very abundant in TBS Lakes (Fig. 4) . 408
High expression of phosphate metabolism-related genes (Pst system and Pho regulon mainly) 409
influenced by presence of arsenic in microorganisms has been previously verified ( 
